In magnetocardiogram (MCG) measurements, the magnetic noise from the wire used to suture the sternum after heart surgery becomes a problem. As one method of noise rejection, independent component analysis is effective.
In magnetocardiogram (MCG) measurements, the magnetic noise from the wire used to suture the sternum after heart surgery becomes a problem. As one method of noise rejection, independent component analysis is effective.
In this study, MCG measurements were carried out under the conditions that the wire was attached to a normal subject and that the wire was not attached. Signal processing by independent component analysis, digital high-pass filter and singer value decomposition analysis were carried out in order to reduce the effect of magnetic noise from the wire. From the comparison of the waveforms after this signal processing and the waveforms where the wire was not attached, it was apparent that the magnetic noise from the wire was reduced by independent component analysis.
From this result, it is clear that independent component analysis is effective for the removal of the magnetic noise from the wire.
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I. INTRODUCTION
R ECENTLY, the clinical application of magnetocardiograms (MCGs) has been widely studied, and analysis of the conduction process [1] , [2] and evaluation of ischemic heart disease [3] , [4] have been carried out. However, postoperative diagnosis using an MCG becomes difficult in the patient who has a wire fixed in the sternum by the thoracotomy operation, since the magnetic noise from the wire is very great.
As a signal analysis technique, independent component analysis (ICA) is a useful method for separating the independent signals from overlapping signals. ICA is often used by the analysis of magnetoencephalogram (MEG) and electroencephalogram (EEG).
We carried out MCG measurements under the conditions that a wire was attached to a normal subject and that a wire was not attached. The signal processing by ICA was carried out in order to reduce the effect of the magnetic noise from the wire. For the comparison, the signal processing by digital filter (highpass filter: HPF) and singer value decomposition analysis (SVD) were also carried out. We compared the waveforms after this signal processing and the waveforms where the wire was not attached using the correlation coefficient.
II. METHODS
The MCGs were measured at 64 points at 2.5 cm intervals on the chest wall of a normal subject. To simulate of the magnetic noise from the wire in a postoperative, the wire (SUS304) for the operation was placed on the chest wall (3 cm under the episternum) of a normal subject. ECG (lead II) was also measured. body surface and the wire position (open circle). This wire was equipped with a strap and was fixed by tape to allow simple detachment.
First, the MCG measurements were carried out with the wire attached. Next, the strap was pulled, the wire removed, and MCGs were measured without moving the subject. These measurements differ only in the effect of the wire. This method allows the comparison of the waveforms with the wire attached and those without the wire.
The magnetic field data was processed with a 50 Hz notch filter and 0.1-90 Hz band pass filter, and the data was separated into seven components by principal component analysis (PCA). Independent component analysis was done for these data, and it was separated to seven independent components [5] , [6] . MCG waveforms were averaged 40 times in the R wave synchronization of the ECG.
The reasons that data was separated into seven components by PCA and the ratio of LF HF were experientially decided from the experimental results of five normal subjects. The correlation coefficients of all results were improved. Fig. 2 shows the MCG waveforms with the wire attached for 10 seconds. In Fig. 2 , A4 is measurement position of most big noise, and E4 is measurement position of small noise. The noise of the wire appears only in the upper three rows (A1-C8). Fig. 3 shows the averaged MCG waveforms with the wire attached. The effect of magnetic noise from the wire appears at a T wave, and it is clear that noise rejection is difficult using the averaging method only.
III. RESULTS
The MCG waveform is separated into seven components by independent component analysis. The magnetic noise appears in the first, fourth, sixth, and seventh components. Fig. 4 shows the reconstructed MCG waveforms that removed the first, fourth, sixth, and seventh components. The effect of the wire which has appeared the T wave can be reduced.
For 
IV. DISCUSSION
In order to evaluate this signal processing, the correlation coefficient between the waveforms after signal processing and the waveforms without the wire is calculated. The calculation of the correlation coefficient was divided into upper three rows and bottom five rows.
The correlation coefficients of averaged waveforms (Fig. 3 ) are 0.839 (upper) and 0.984 (bottom). The correlation coefficients of ICA waveforms (Fig. 4) are 0.941 (upper) and 0.931 (bottom). The correlation coefficient of upper three rows increased, but that of bottom five rows decreased. Because the noise of the wire appears only in the upper three rows. Therefore, upper three rows used the result of ICA, and bottom five rows should use original data. As the result, the correlation coefficient becomes 0.968 and high value. In four MCG waveforms in Fig. 4 are different from that of Fig. 5 . Only these MCG waveforms, the correlation coefficients became under 0.9 (A4:0.750, A3:0.781, B4:0.820, B3:0.893). This is the reason that the MCG waveform with the wire has great noise and the correlation coefficients are low A A B B . It is not possible to remove even in this proposal method. However, it has been greatly improved by ICA.
For the comparison, the result of using digital filter (HPF) is shown at Figs. 6-8. The cut-off frequency of HPF is, respectively, made to be 0.5 Hz and 1 Hz and 2 Hz. In Fig. 6 (0.5 Hz HPF), the large noise of the wire appears after a T wave, and the noise rejection is not sufficient. The correlation coefficient of waveforms is 0.931. In Fig. 7 (1 Hz HPF), though the noise of the wire decreases, it is not sufficient. Moreover, the peak of T wave attenuates a little (some pT). The correlation coefficient of waveforms is 0.934. In Fig. 8 (2 Hz HPF) , the noise of the T wave decreases, but the peak of T wave attenuates a large (about 10 pT). Moreover, the waveform has been distorted. The correlation coefficient of waveforms is 0.896.
Singer value decomposition (SVD) analysis is carried out MCG with the wire. Noise is removed by same criterion of ICA 
LF HF
. The correlation coefficient of waveforms is 0.963 and high value. Fig. 9 shows the correlation coefficients of averaged, ICA, SVD, and HPF (0.5, 1, 2, 3, 5) waveforms. The result of ICA is the best the correlation coefficient. ICA is effectively able to carry out the noise rejection in being difficult in digital filter.
Moreover, MCG with two wires attached (3 cm and 6 cm under the episternum) is analyzed by ICA. The correlation coefficient between the waveforms after signal processing and the waveforms without the wire is 0.968 and high value. This proposal method is efficient two wires attached.
V. CONCLUSION
Signal processing by ICA, SVD, and digital high-pass filter were carried out in order to reduce the effect of magnetic noise from the used to suture the sternum after heart surgery. In order to evaluate this signal processing, the correlation coefficient was calculated. ICA was the best the correlation coefficient. It was shown that ICA was effective for the removal of the magnetic noise from the wire.
